Objectives: The objective of this paper is to assess the predictors of time-to-lupus renal disease in Latin American patients. Methods: Systemic lupus erythematosus (SLE) patients (n ¼ 1480) from Grupo Latino Americano De Estudio de Lupus (GLADEL's) longitudinal inception cohort were studied. Endpoint was ACR renal criterion development after SLE diagnosis (prevalent cases excluded). Renal disease predictors were examined by univariable and multivariable Cox proportional hazards regression analyses. Antimalarials were considered time dependent in alternative analyses. Results: Of the entire cohort, 265 patients (17.9%) developed renal disease after entering the cohort. Of them, 88 (33.2%) developed persistent proteinuria, 44 (16.6%) cellular casts and 133 (50.2%) both; 233 patients (87.9%) were women; mean (AE SD) age at diagnosis was 28.0 (11.9) years; 12.2% were African-Latin Americans, 42.5% Mestizos, and 45.3% Caucasians (p ¼ 0.0016). Mestizo ethnicity (HR 1.61, 95% CI 1.19-2.17), hypertension (HR 3.99, 95% CI 3.02-5.26) and SLEDAI at diagnosis (HR 1.04, 95% CI 1.01-1.06) were associated with a shorter time-to-renal disease occurrence; antimalarial use (HR 0.57, 95% CI 0.43-0.77), older age at onset (HR 0.90, 95% CI 0.85-0.95, for every five years) and photosensitivity (HR 0.74, 95% CI 0.56-0.98) were associated with a longer time. Alternative model results were consistent with the antimalarial protective effect (HR 0.70,. Conclusions: Our data strongly support the fact that Mestizo patients are at increased risk of developing renal disease early while antimalarials seem to delay the appearance of this SLE manifestation. These data have important implications for the treatment of these patients regardless of their geographic location. Lupus (2013) 22, 899-907.
Introduction
The prevalence and incidence of systemic lupus erythematosus (SLE), as well as of renal involvement or lupus nephritis (LN), vary around the world with higher rates observed in some racial/ethnic groups including Mestizos (individuals born in Latin America who have Amerindian and Caucasian ancestors), African Americans, Hispanics living in the continental United States (US) and Asians compared with Caucasians. [1] [2] [3] [4] Patients from some of these ethnic groups are also more likely to develop renal involvement earlier 5 and to experience less favorable outcomes. [6] [7] [8] Although genetic factors are likely to be operative 9 to explain some of these findings, other factors may also account for the progression of LN to renal damage including histopathological and laboratory findings, concomitant hypertension, inadequate response to therapy and socioeconomic factors such as poverty and smoking. 6, 10, 11 On the other hand, antimalarials such as hydroxychloroquine and chloroquine have been reported to have a protective effect on renal damage occurrence in lupus patients. 12 , 13 We have previously demonstrated in the Grupo Latino Americano De Estudio de Lupus or Latin American Group for the Study of Lupus (GLADEL) cohort that renal disease is more common in Mestizo and African descendants than in patients of Caucasian ancestry and also less common in those patients taking antimalarials than in those not taking them. 14 We have now examined the factors associated with the early occurrence of LN in these Latin American lupus patients. We hypothesize that patients of Mestizo background are at increased risk of developing LN early while antimalarial medications will retard its occurrence.
Patients and methods

Patients
GLADEL is an observational inception cohort started in 1997 to study the socio-demographic, clinical and treatment characteristics of Latin American lupus patients. This cohort comprises 34 centers with experience in SLE (tertiary referral centers with a lupus clinic, an academic profile and a rheumatology training program); a genuine interest in the research project; the presence of an identified leader; and adequate human, technical and communication facilities. These centers are distributed among nine Latin American countries and each one follows a common protocol with consensus definitions and outcome measures that have been described in detail elsewhere; diagnostic procedures and treatment decisions are, however, made by the treating physicians and not by protocol. 3 Institutional review boards' local regulations were followed at all centers. All data were collected into the ARTHROS database (a user-friendly database developed by Argentinean rheumatologists using a Windows platform, Visual Basic language and Microsoft Access). Data were submitted via Internet to the coordinating center where they were reviewed to ensure their quality.
The cohort is currently composed of 1480 patients of different ethnic backgrounds (Mestizo, African-Latin American, Caucasian and other). The diagnosis of SLE was based on the clinical and laboratory features present and the expertise of the investigator (rheumatologist or qualified internist with experience in SLE). Fulfillment of four American College of Rheumatology (ACR) 1982 SLE criteria 15, 16 at the time of diagnosis was not mandatory. Also, disease diagnosis could occur subsequently to a patient accruing at least four ACR criteria. Time of fulfillment of each criterion was identified as well as the time of SLE diagnosis.
Variables
The endpoint of this study, renal disease, was defined by the respective ACR renal criterion (persistent proteinuria (greater than 0.5 grams per day or greater than 3þ if quantitation was not performed) or the presence of cellular casts (that may be red cell, hemoglobin, granular, tubular, or mixed). Independent variables considered for this study included socio-demographic characteristics, clinical manifestations, ACR classification criteria, disease activity score and medications used. These variables have been assessed up to the time of disease diagnosis, which will be considered as baseline characteristics for this study.
Disease activity was ascertained by the SLE Disease Activity Index (SLEDAI) 17 at diagnosis and every six months thereafter and was used as a continuous variable. Exposure to medications was dichotomized according to their use or nonuse.
Statistical analyses
From the entire GLADEL cohort (n ¼ 1480 patients), 535 were excluded from this analysis: 498 of them because renal disease occurred prior entering into the cohort and 37 because they were from other ethnic groups. The remaining 945 patients free of renal disease at diagnosis in the context of this longitudinal observational cohort study were included in the analysis. Baseline disease and patient characteristics as listed above were examined descriptively as a function of time-to-renal disease occurrence. Variables significant at p 0.10 were included into a time-to-the event analysis using Cox proportional hazards regression model; however, in this model the two immunological variables (immunologic disorder and antinuclear antibodies (ANA) within the chosen cut-off point were omitted to preserve the sample size. Using a stepwise procedure, a reduced or parsimonious model was subsequently obtained. Results are expressed as hazard ratios (HRs) with their corresponding 95% confidence intervals (CIs). HRs > 1 indicate a shorter time-to-the event (renal disease), while values < 1 indicate a longer time. In an alternative multivariable model, antimalarial use was considered a timedependent variable and the data were then re-examined. Use was defined as the intake of antimalarials for at least three months and not use, otherwise. All statistical analyses were performed with SAS software, version 9.1.3 (SAS Institute, Cary, NC, USA).
Results
Among the 945 patients included in this study, 265 (28.0%) developed renal disease after entering the cohort. Eighty-eight patients (33.2%) developed persistent proteinuria and 44 (16.6%) cellular casts; 133 patients (50.2%) developed both. Two hundred and thirty-three of the cases (87.9%) were women; their mean (AE SD) age at diagnosis was 28.0 (11.9) years and their median follow-up time (Q3-Q1 interquartile range) was 57.1 months (Q3-Q1: 46.4). All three ethnic groups were represented in the study population, but Mestizos (34.5%) and African-Latin Americans (29.6%) were more likely to develop renal disease than Caucasians (21.4%). Renal biopsies were performed in 84 (31.7%) of the cases with 15 (15.5%) being class II World Health Organization (WHO) LN, 15 (15.5%) class III, 47 (48.4%) class IV and nine (9.3%) class V, while 11 (11.3%) presented tubulointerstitial and vascular disease. Of the patients receiving antimalarials at diagnosis, 31.1% went on to develop renal disease while 68.9% did not; for the antihypertensive drugs these figures were 66.1% and 33.9%, respectively; for glucocorticoid pulses they were 57.8% and 42.2%; for low-dose glucocorticoids they were ( 20 mg) 22.3% and 77.7%; for medium-dose glucocorticoids (>20 -< 60 mg) they were 39.7% and 60.2%; for high-dose (! 60 mg) glucocorticoids they were 38.0% and 62.0%; for azathioprine use they were 59.4% and 40.6%; and for cyclophosphamide they were 11.0% and 89.0%. Table 1 shows the results of the univariable time-torenal disease analysis. From the socioeconomic/ demographic domains baseline variables associated with a longer time-to-renal disease were: female gender and older age at disease diagnosis and at onset; in contrast, fewer years of education, Mestizo and African-Latin American ethnicity, rural residency and low socioeconomic status were associated with a shorter time-to-renal disease. Within the clinical features, disease activity at diagnosis as measured by the SLEDAI, the presence of a comorbid condition such as hypertension and the presence of immunologic disorder associated with a shorter time-to-renal disease; on the other hand, some ACR criteria such as discoid rash, photosensitivity and ANA were associated with a longer time-to-renal disease. As for the treatment variables, antihypertensive drugs and pulses of glucocorticorticoids were found to be associated with a shorter time-to-renal disease occurrence; in contrast, antimalarial use and a lower dose of glucocorticosteroids ( 20 mg) were associated with a longer time-to-renal disease occurrence. The estimated cumulative probability of developing renal disease within five years of diagnosis was 37% for patients not taking antimalarials and 24% for those who received antimalarials on or before diagnosis (log-rank test p < 0.0001). The corresponding Kaplan-Meier survival curve is depicted in the Figure 1 .
Univariable analyses
Multivariable analyses
The results of the multivariable analysis with the corresponding HRs and 95% CIs are shown in Table 2 . In the final (reduced or parsimonious) model Mestizo ethnicity (HR 1.61, 95% CI 1.19-2.17), hypertension (HR 3.99, 95% CI 3.02-5.26) and disease activity as measured by the SLEDAI at diagnosis (HR 1.04, 95% CI 1.01-1.06) were associated with a shorter time-to-renal disease, whereas the use of antimalarials (HR 0.57, 95% CI 0.43-0.77), older age at disease onset (HR 0.90, 95% CI 0.85-0.95, for every five years) and photosensitivity (HR 0.74, 95% CI 0.56-0.98) were associated with a longer time. In the alternative model the protective effect of antimalarials was still evident although the HR was somewhat higher (0.70, 95% CI 0.50-0.99).
We also examined whether accruing four ACR criteria was associated with the use of antimalarials but that was not the case as the proportion of patients who accrued four ACR criteria was comparable in those who received antimalarials and those who did not (96% vs 94,
Not surprisingly, however, the likelihood of developing renal disease as per the ACR classification criteria was lower in those patients who did not meet four ACR classification criteria vs those who fulfilled them (23% vs 54%; X 2 ¼ 23.49; p < 0.0001). 
Discussion
We have studied for the first time the factors that predict the early occurrence of renal disease in SLE patients from the largest Latin American SLE cohort. We have shown in multivariable timedependent analyses that Mestizo patients are at increased risk of developing renal disease earlier than patients from other ethnic groups. These findings should alert Latin American physicians and others around the world where these patients may have relocated about the possible early occurrence of renal disease among them, and recognize it accordingly. The more frequent and early occurrence of renal disease in Latin American Mestizo patients is consistent with the data from the Lupus in Minorities: Nature vs. Nurture (LUMINA) cohort in which Hispanic patients of predominantly Amerindian ancestry experienced renal disease frequently and early. Previous studies have shown that non-Caucasian ethnic ancestry is an important predictor of renal disease in SLE; 1, 2, 4, 5, [18] [19] [20] [21] [22] [23] [24] it is important to point out that in comparison to these studies, patients in the GLADEL cohort include not only patients from North and Central America but also from South America. While some of the poor outcomes observed in patients with lupus from ethnic minority groups are no longer evident in multivariable analyses in which socioeconomic factors are included, 6, 7 that is not the case with time-to-renal disease; the effect of Mestizo ethnicity in our study persisted even after adjusting for socioeconomic status and education. These findings highlight the very important role of genetic factors in the ethnicity-dependent susceptibility to renal involvement. Sanchez et al. have demonstrated an increase of 2.34 SLE risk alleles in subjects with 100% Amerindian ancestry as compared with subjects with 0% of such ancestry, and that an individual with a 43% higher Amerindian ancestry would have, on average, one additional SLE risk allele. 25 On the other hand, Richman et al. found that a 10% increase in the proportion of ancestral European genes was associated with a 15% reduction in the odds of having renal disease, after adjustment for disease duration and sex. 26 Future studies to identify genes of Amerindian origin that contribute to the increased risk of renal disease are clearly needed.
In this study we have also shown for the first time, and after adjusting for potential confounding variables, that the use of antimalarials whether at diagnosis or examined as a time-dependent variable retards the development of renal disease in lupus patients. We are cognizant of the fact that patients with milder disease or who had not met four ACR classification criteria at enrollment or who were also receiving lower doses of glucocorticoids were more likely to receive antimalarials than their counterparts; in other words, there was confounding by indication. These variables, however, were included in the multivariable analyses so these assertions cannot be supported with the data presented; others may argue that propensity score analyses should have been performed but there are experts in the field who strongly believe that adjusting for the individual variables achieves the same results. 27 The data on the protective effect of antimalarials on renal disease development reinforce a new paradigm that has been derived from different observational cohort studies in which patients treated with these compounds experience either less frequent serious organ involvement or a delay in their occurrence compared with those not treated with them.
Five such studies have been published. First, Sisoé t al. showed that exposure to antimalarials before the diagnosis of LN was negatively associated with the development of renal failure, hypertension, thrombosis and infection, and with a better survival rate at the end of follow-up. 12 Second, Kasitanon et al. demonstrated that when hydroxychloroquine was added to a regimen with mycophenolate mofetil for the treatment of membranous LN, renal remission was more frequently achieved. 28 Third, Barber et al. reported that those patients with LN who achieved renal remission were more likely to be on hydroxychloroquine used as an adjuvant treatment when compared with those patients not using it (93.8% vs 52.6%, p 0.010). 29 Fourth, Pons-Estel et al. showed that after adjusting for confounding factors for the indication of hydroxychloroquine use, this drug retards the development of renal damage in patients with established LN. 13 Finally, we have demonstrated, also after adjusting for confounding by indication, a clear protective effect of these compounds in the development of renal disease (ACR criteria) in SLE patients from this cohort; 14 we have now gone one step further by demonstrating not only that renal disease is less common in patients taking these compounds but also that they retard the onset of renal disease in those who go on to develop it, despite their intake. So these data nicely complement all previously published observations including ours. These effects can be explained by the numerous immunoregulatory properties of antimalarials. After entering the lysosomes and raising the cell pH, antimalarials produce inhibition of toll-like receptors, reduction in the activity of lymphocytes, natural killer and plasma cells with the consequent decrease in the production of autoantibodies; they also have a negative effect in the production of interferon, tumor necrosis factor (TNF) and interleukin (IL)-1 and IL-6. These properties may explain the clinical protective effect of antimalarials on the kidney and other organ systems. [30] [31] [32] In the present study, younger age, high levels of disease activity and hypertension were also associated with shorter time-to-renal disease, in line with data coming from other studies. 1, 18, [33] [34] [35] Although it can be argued that hypertension is not a true predictor but rather a marker of renal disease, one must not forget that the use of steroids and nonsteroidal anti-inflammatory drugs may contribute to its presence. In short, physicians treating SLE patients should make every possible effort to control disease activity and comorbid conditions if renal disease is to be prevented.
This study has a number of limitations. First, we could not include the prevalent cases of renal disease in our analyses since the exact temporal relationship between our endpoint and antimalarial use could not be inferred from the data collected; this could have biased the results in either direction. However, given the magnitude of the HR it is unlikely that the beneficial effect would have been completely abrogated or even flipped with the inclusion of these cases. Second, we were unable to examine the exact dose and exposure time required for antimalarials to exert their protective effect, although the average dose of antimalarials was comparable in those who developed and those who did not develop renal disease (400 mg). Third, we were unable to include histopathological information in our analyses as only one-third of the cases had had renal biopsies (including this variable may have reduced considerably the sample size). As noted in the Methods section, patients in the GLADEL cohort were not followed according to a standardized protocol; thus obtaining renal biopsies in patients with renal involvement among all 34 GLADEL centers was performed at the discretion of the treating physician, which probably accounts for the relatively low rate of renal biopsies; unfortunately, such data cannot be obtained now. Fourth, we used an operational self-reported definition for ethnicity (determined according to the parents' and all four grandparents' ethnic origin), which may have resulted in some misclassification; however, in the final assignment the anthropomorphic characteristics of the patients were also considered. Finally, some clinical and laboratory data were not homogeneously collected and for the purpose of this study were excluded; this lack of homogeneity may also partially explain why ANA positivity appeared to be associated with a longer time-to-renal disease occurrence, which from the clinical point of view is certainly hard to support and even counterintuitive.
In summary, after studying the largest Latin American longitudinal cohort of patients with SLE for predictors of time-to-renal disease, we have determined that Mestizo patients are at an increased risk of developing renal involvement earlier in the course of the disease while the use of antimalarials retards the onset of this manifestation in all patients from this Latin American cohort. These data confirm racial and ethnic disparities in the occurrence of renal disease and support the beneficial effects of antimalarials regarding this manifestation in the treatment of all patients with SLE. This information is important for patients and providers in Latin America and beyond.
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